In this paper, we consider a heterogeneous 5G cellular architecture that separates the outdoor and indoor scenarios and in particular study the trade-off between the spectrum efficiency (SE), energy efficiency (EE), and the economy efficiency (ECE). Mathematical expressions for the system capacity, EE, SE, and ECE respectively are derived using a proposed realistic power consumption model. The comparison of system performance in terms of SE, EE, and ECE, results in the observation that the proposed network architecture, which separates the outdoor and indoor scenarios, offers a promising solution for future communication systems that have strict requirements on the data rate and efficiency.
I. INTRODUCTION
Fifth-generation (5G) wireless communication systems have now commenced large-scale deployments worldwide, with a target for full commercial use across the world by 2020. A variety of technologies have been proposed for 5G [1] . In particular, large-scale antennas or massive multiple-input multiple-output (MIMO) technology, which employ tens to hundreds of antennae, has attracted significant research interest in recent years [2] , [3] . The Massvie MIMO technology has shown its capability in increasing the system capacity by exploiting the asymptotic orthogonal characteristic of high-dimensional random channel vectors [4] . Millimeterwave (mmWave) communication can provide a viable solution that enables Gbps-level wireless data transmission and potentially mitigate the problem of spectrum shortage in the crowded sub-6 GHz frequency band [5] . In the 5G standard, it has already been selected as a key technology.
In addition, distributed antenna systems (DAS) can mitigate large-scale fading by using many geographically distributed antennas, enabling the received same signal strength to be maintained across almost the whole cell, offering a more homogeneous quality of service (QoS) [6] .
In addition to novel access technologies, significant changes in the network architecture will also play a pivotal role in boosting the system performance. For example, by the deployment of relay and mobile femtocell networks [7] - [9] . In particular, a heterogeneous cellular architecture of separate indoor and outdoor scenarios was proposed in [10] . In this architectusre the outdoor user equipment (UEs) were served by the base station assisted by distributed antenna systems and the indoor UEs were served by indoor access points (IAPs). This architecture avoided the penetration loss that results from the signal passing through the walls of the buildings, which can be over 24 dB for modern buildings with energy-efficient insulating layers. This separation of the indoor and outdoor scenario can for example enable the macro base station (MBS) to be assisted by a geographically distributed DAS system ensuring a homogeneous QoS inside all of the cell with massive MIMO systems further utilized to boost the system capacity. The indoor IAP can provide a high-speed network access for the indoor UEs by exploiting technologies such as the femtocell, WiFi, mmWave, and visible light communications. Its connection with the MBS can be established by the passive optical network, massive-MIMO, mmWave technology, and even the free-space optical technology.
In respect of the trade-off between spectrum efficiency (SE) and energy efficiency (EE), several fundamental trade-offs on green wireless networks were proposed in [11] . A study on the trade-off between EE-SE, which aims at achieving a multi-objective-optimization, was carried out in [12] .
In [13] an investigation on the trade-off between EE-SE in a multi-user (MU) massive MIMO system was proposed, where the interference had the primary impact on the system performance.
In recent years, a great deal of research has been carried out which considered emerging novel technologies and their impacts on these trade-offs. In [14] , the authors proposed a resource allocation scheme to improve the EE for a full-duplex DAS network. The trade-off between EE and SE was studied in [15] - [17] with a focus on the downlink MIMO and virtual MIMO cellular systems. In relay wireless networks various issues have been addressed [7] - [9] , [18] , [19] . In [7] , [8] , the SE and EE of relay-aided cellular networks was investigated. Specifically, in [8] , a new system metric named the economy efficiency (ECE) was proposed as a complementary performance measure to the system performance. For mobile femtocells, a special type of the wireless relay, was considered in [9] , and the SE-EE trade-off in this femtocell-aided network was investigated. In [18] , [19] , two types of relay were utilized, [18] considered the full-duplex case, while a much simpler amplify-and-forward relay was considered in [19] .
In recent years, the SE and EE performance of some 5G and some potential beyond 5G (B5G) technologies were also studied. In [20] , the author investigated the SE and EE trade-off for massive MIMO technology. In [21] , the area EE and SE for a massive MIMO cellular system was studied. In [22] , the impact of transceiver power consumption on the EE of massive MIMO systems using zero-forcing detector was investigated. The impact of using random beamforming technology on the performance of EE and SE was investigated in [23] . As one of the key technologies for 5G, small cells have attracted considerable research interest. Related research concerning the EE and SE can be found in [24] - [26] . In [24] , the metrics, methods, and market of EE for small cell network are summarized. The SE and the cost efficiency (which is very similar to the ECE) of mmWave /UHF-based cellular network were investigated in [25] . In [26] , the EE of full-duplex mmWave relays with precoding was studied. In [27] , the EE and SE performance of visible light communication was studied. In recent decades, spatial modulation for MIMO has attracted considerable research interest due to its capability in improving the EE and SE performance. In [28] - [30] , the system performance in terms of EE and SE were studied in some spatial modulation based wireless systems. In [31] , [32] , the EE and SE performance were investigated for wireless systems using cognitive radio technology, which can improve the efficiency of spectrum utilize by sharing the spectrum with different users. As an important 5G scenario, device-to-device (D2D) communications has a strict requirement on the SE and EE, related research is described in [33] , [34] .
Notwithstanding the significant number of published researches on the SE and EE of wireless communication systems, some interesting questions remain. 1) To date, most existing research on SE and EE have focused only on one or two specific technologies. Published research which considered a complete communication system, especially for the 5G or potential B5G systems is much more limited.
2) Most research to date has only considered a relatively simple system model. In general only the inter-cell interference is assumed. However, it is already clear that the intra-cell interference has an non-negligible impact on system performance [35] .
3) The power consumption models used in most published literature are simplistic and lacking in accuracy to evaluate the EE.
4) The investigation of EE, SE, and ECE in most of the literature only focus on one or two performance metrics. Specifically, published results on the ECE performance of 5G wireless systems are very limited.
To address the research issues listed above, in this paper we investigate a 5G/B5G use case with separated the indoor and outdoor cellular deployment. This system employs massive MIMO assisted DAS technology for the outdoor UE coverage and an IAP access link to the MBS, while mmWave based beamforming is used for the indoor UE access. We also investigate the SE, EE, ECE, and their related trade-offs for the proposed network structure. The main contributions of this paper are summarised as follows. 1) SE, EE, ECE, and their trade-off for a novel 5G/B5G use case with a separate outdoor and indoor scenario is investigated. The proposed system model is realistic and accurately reflects features of a B5G wireless systems.
2) The framework for building practical power consumption models of 5G systems is developed. In particular we consider baseband operations, RF front-end, and different types of power amplifiers. As this model can represent the very detail of 5G system, this framework can be used as a guideline to accurately model, predict, and evaluate the system performance in terms of power consumption for future wireless systems.
The remainder of the paper is organized as follows. In Section II, the system model is presented. In Section III, the mathematical expressions for system capacity, SE, EE, and ECE are derived. In Section IV the mathematical and simulation results are presented and analyzed.
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II. SYSTEM MODEL
A typical 5G cellular architecture with the separated indoor and outdoor coverage is shown in Fig. 1 . A MBS is connected to several large-scale antenna arrays geographically distributed in the cell, referred to as MBSA in this paper. Each antenna array serves a particular area where the UEs are located, and also provides wireless data links for buildings in which the indoor UEs are located. We assume all the buildings in the cell have antenna arrays that are installed on the exterior walls or the roof, which are referred to as building mounted antenna arrays (BMAA)
here. MBSAs which could be in the same or the neighboring cells with the index set denoted by N (i).
An IAP is equipped with M T antenna elements and serves N iue indoor UE each has M R receive antenna elements. For outdoor UEs, they are assumed to have a single receive antenna. In order to compare the system performance, we consider a non-separated communication scenario as 
1) Outdoor channel:
The outdoor massive MIMO beamforming channels can be further categorized into two types, which represent the channel between the MBSA and BMAA, and the channel between the MBSA and outdoor UE.
• For the i-th MBSA and the j-th BMAA, the ℓ-th beamforming channel is given by
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represents the antenna response, M can either be M R or M T . The normalized antenna separation is represented as ∆, and we assume ∆ = 1/2 with a think of the generality.
The transmission beam vector at the BMAA is defined as a * M T (θ ℓji ), and the receiving beam vector at the BMAA is represented as a T M R (φ ℓji ). As θ ℓji and φ ℓji can be adjusted and optimized when deploying the MBSA and BMAA, the beamforming channel between MBSA and BMAA can be considered as static and known to both the transmitter (TX) and the receiver (RX) sides.
• For the k-th outdoor users served by the i-th MBSA, the massive MIMO channel is given by
where β ki is the large-scale channel gain including path loss and shadowing. h ki is a M T ×1 small-scale Rayleigh channel fading vector, with independent identically distributed (i.i.d.)
complex Gaussian variables of zero mean and unit variance, i.e., h ki ∼ CN (0, I M T ), for each component.
2) Indoor mmWave channel: Inside the buildings, beamforming technology is assumed to be performed at the IAP and the UE, which give the high directional feature of the mmWave channel. The mmWave beamforming channel between the IAP and the q-th indoor UE can be given as
this channel matrix is with a dimension of M T q × M Rq , where θ uq is the AoD at the IAP, φ uq is the AoA at the uq-th indoor user. β uq is the path loss, and a M (θ) is still the antenna response as (2).
B. Received signal 1) Outdoor links:
For the i-th MBSA, the received downlink signal vector x i is a linear combination of beamformed signals to its served BMAAs and the linearly precoded signals for its served outdoor UEs, can be written as
In (5), s ℓji and s ki are i.i.d. complex Gaussian random variables of zero mean and variance P ℓji and P ki , respectively, b ℓji = a * (θ ℓji ) denotes the ℓ-th beam forming vector to the j-th
BMAAs, w ki is the linear precoding vector for k-th the outdoor UEs. In this paper, maximumratio combining (MRC) precoding is applied, resulting in w ki = h * ki / √ M T when perfect channel state information (CSI) is assumed to be known at the MBSA side.
For the j-th BMAA, its received signal over the ℓ beamforming channels is given by
where v T (φ ℓji ) is the ℓ-th receiving beam vector of the j-th BMAA, x i ′ is the interference signal from other MBSA with G ℓ ′ j ′ i ′ as the corresponding beamforming channel matrix, n is the receiving Gaussian noise vector with n ∼ CN (0, σ 2 n I M R ). In (6), the interference consists of two parts, one is from the signal intended to be received by the outdoor UE and the other is the interference from the neighboring MBSA. Due to the orthogonality of transmit and receive beamforming vectors, the receiver will not be subject to the interference from the uplink signal sent from other buildings.
For the k-th outdoor UEs, the received signal can be given by
where g ki ′ is the Rayleigh channel vector between the i ′ -th interfering MBSA and the k-th UE, and n is the complex Gaussian noise with n ∼ CN (0, σ 2 n ). 2) Indoor links: Due to the random position of indoor UEs, the IAP can only select beam vectors with the closest AoD for each UE to match its position in the angular domain, i.e.,
The transmitted signal of an IAP is given by
is the beam vector for the k-th indoor UE. Since the indoor scenario is completely separate from the outdoor scenario, we omit the indices indicating the area and the building to aid clarity.
The received signal at the k-th UE can be given by
where F M (x) = sin πM x/2 M sin(πx/2) is the Sinc function.
III. SYSTEM PERFORMANCE ANALYSIS

A. Spectrum efficiency analysis
The SE can be defined as the ratio of the system capacity over the link bandwidth, with the expression as
where B is the bandwidth, C is the capacity of the system. As defined by the Shannon equation, the system capacity can be expressed as The expectation of receiving SINR over the l-th link between the i-th MBSALA and j-th BMAA can be expressed as
.
According to the received signal over the l-th beamforming channels at the j-th BMAA, since the mean of s lji and s ki is zero, the total average normalized power is equal to the variance P lji and P ki , we obtain
and
Based on this assumption,
Since e +I2π∆(m−1)θ lji M T = 1, this equation can be further simplified as:
For noise power,
Finally, the the expectation of the receiving SINR over the l-th link between the i-th MBSALA and j-th BMAA can be expressed as
Following a similar method for the indoor connection, the expectation of receiving SINR over the u-th link between the IAP and q-th indoor users can be expressed as
For links between MBSA and Outdoor UEs, the normalized precoding vector is by w ki = h * ki / √ M T , and applying it to (7) the expectation of the received SINR of the k-th outdoor UE is
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B. Energy efficiency analysis
The EE η EE of one cell is defined as the capacity divided by the total system power consumption, i.e.,
which indicates the efficiency of converting the power into data traffic. The power consumption should include all the devices deployed inside the cell. In the case of the separate indoor and outdoor scenario, the power consumed by MBS, MBSA, BMAA, and IAP should be taken into account as follows.
In the following section, the power consumption models for MBS, MBSA, BMAA, and IAP are developed.
C. System power consumption model
A high-level EE evaluation framework (E 3 F) for mobile communication systems has been investigated and developed by the Energy Aware Radio and neTwork tecHnologies (EARTH) project [36] . Based on this framework, the general energy consumption model of a base station is given by
where P BB represents the power consumed by digital baseband processing, P RF and P PA are power consumed by the RF front-end and the power amplifier (PA), and P OH represents other system power overhead consumed by the system including the cooling and AC-DC converters.
The digital base band processing section also includes the digital signal processing, system Explicit power models for MBS, BMAA, and IAP will be introduced the following subsections below.
1) Power consumption model of MBS:
The total consumed power of MBS is given by
where 
2) Power consumption model of MBSA: The power consumption of MBSA can be decomposed as
For each MBSA, the downlink baseband signal processing includes filtering, up sampling, (I)FFT of OFDM symbols, massive MIMO channel estimation, precoding/beamforming, symbol mapping, and control plus other network relation operations, it can be written as
In (29) for the uplink channel estimation. For the operation complexity of the remaining processes, we will refer to some typical values.
For the RF part of the MBSA, its analog components including the modulator, mixer, clock generator, and the digital to analog converter. The power consumption of this part is given by
Please note that the power consumption of the modulator, mixer, and DAC can be linearly scaled with the number of antennas. The clock generator can be scaled by the square root of the number of antennas.
For the PA, its power consumption can be calculated as
where η B is defined by
as the power efficiency of the class-B PA. In (32) , r o and r max represent the amplitude and the maximum amplitude of the output signal, respectively. We have r o = √ P o , and r max = √ P max with P o and P max being the output power and maximum output power, respectively.
3) Power consumption model of BMAA: The power consumption model of BMAA can be written by
In the downlink, each BMAA receives the traffic from the serving MBSA over L beamformed data links and forwards it to IAP. Therefore, the baseband data processes consists of filtering, receive beamforming process, down sampling, IFFT process, symbol demapping, channel decoding, control and network processes. The GOP/S of which can be estimated similarly as the case of MBSA.
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Please note that the power consumption LNA and VGA over the receiving RF FE are considered as constant, which is unlike the PA used for signal transmission.
4) Power consumption model of IAP:
The IAP is similar to pico or femto base stations, which are much smaller and simpler compared with conventional base station. It usually employs a low-power architecture. The power consumption model is given as follows
For the downlink of the IAP, we consider a constant power consumption for baseband process, as the number of UE for a IAP is much fewer than the MBSA, so the baseband process is not as sophisticated as that of the outdoor base stations. The RF chain includes the mixer, DAC, filter, phase shifter (PS), and the clock. Its consumed power can be expressed as
The power consumption of the Doherty PA can be computed directly by
D. Economy efficiency analysis
The ECE of a cell is the net revenue per second, i.e., the earnings from effective data throughput minus the operational cost. In this paper we adopt the practical ECE model proposed by [28] ,
On the right-hand side of (39), the first part represents the earns, which depends on the type of traffic v , the effective data throughput U(v, R v ), and the revenue per bit of the traffic κ v .
The second part is the expenditure of operating the network, which includes the fixed cost of maintenance per second C 0 and the expenses on electricity computed by multiplying κ c , the energy cost per Joule, and P cell , the power consumed by the equipment serving the cell.
It can be observed that ECE unifies the SE and EE, as the earnings are associated with the SE and the cost is mainly related to the power consumption. For the earnings part, traffic are categorized into several different classes each of which is charged on a different basis, ensuring the model is representative of the real network. In fact, in real mobile networks such as LTE, data traffic are firstly classified based on the type of service and the QoS requirement, and then mapped onto service bearers to further deliver to the desired UE [37] . In addition, the services are charged based on its characteristic and the efforts the network make on its delivery. One extreme case is the traditional voice service, which requires a high QoS service with low delay, low packet loss, and guaranteed data rate (GBR). To meet these requirements, the mobile network needs to set up dedicated bearer for the service and process the packets with high priority. But this kind of service requires low and fixed data rate (less than 110 kbps), and does not last for a very long time. So, this kind of service is often charged per minute usage. The other extreme condition is Internet data services, such as web browsing, file downloading, and streaming media whose QoS requirement is generally less. The network processes these traffic in a "best-effort" manner where default bearers will be allocated to such services. The traffic generated by this type of service is often charged monthly in the form of data bundles and with additional charges on extra quota when the allowable amount of traffic in the bundle is exceeded.
In this paper, the traffic are categorized into v = 3 classes. Class-1 represents the data traffic generated by voice services, which is charged linearly. In addition, this class has an upper limit imposed. This is done for two reasons: first, it has been reported that voice service is approaching saturation level; second, the network cannot dedicate all its resource to serve the traffic of the most stringent QoS. Therefore, once this limit is exceeded call loss is permitted. Class-2 traffic are the bundled data services with limited quota, whose attainable revenue grow in a logarithmic fashion proportional to the data volume. A logarithmic basis is adopted to scale the traffic based on the observation that the price per bit of higher quota bundles should be less than that of the lower quota service bundles. Class-3 is the traffic of the service bundle where the user is entitled to an unlimited quota of data traffic. The contribution of each traffic class to the total throughput DRAFT December 24, 2019 of the cell R cell is given by
where α 1 and α 2 are the percentages of the class-1 and class-2 traffic. R lim 1 and R lim (41), which maps the real traffic volume onto effective or chargeable traffic and enables to revenue to be computed.
are the referenced data rates for traffic class-2 and 3. u(.) is the Heaviside step function. The values of these parameters are summarized in Table I . 
IV. SIMULATION RESULTS AND ANALYSIS
A. Simulation parameters
For the outdoor coverage, a standard 20 MHz LTE system is considered as the reference system, the carrier frequency of which is configured as 2.6 GHz. All the key parameters are listed in Table II .
The highest mobility speed that the LTE system can support is 350 km/h, which is the speed of a high-speed train. In the urban areas, the speed of a UE does not move as fast, so the highest The length of the cyclic prefix (CP) of an OFDM symbol is defined to be 5.2 µs, which is the maximal delay spread the system can tolerate. The coherent bandwidth can be computed to be around 210 kHz, which is equivalent to the bandwidth of 14 consecutive sub-carriers. Therefore, the wireless channel in the assumed urban environment can be considered to be static for every For both scenarios, it is assumed that all UEs require the same downlink data rate, so that a homogeneous QoS is assumed across the cell.
1) Path loss model and noise power:
The path loss model of four types of links are summarized in Table III . For the link between MBSA and BMAA, the WINNER II B5a model [38] is adopted. For the link between MBSA and outdoor UE, WINNER-II C2 urban macro-cell NLOS model is adopted. For indoor links, we adopt the model proposed in [39] , where the path loss exponent is set to be 2 which is the average value for indoor mmWave propagation environment.
For the link between the MBSA and indoor UE in the non-separate scenarios, the same model DRAFT December 24, 2019 of the link between outdoor UE is adopted except that a 20 dB penetration loss is added to the loss. Equal average distances are assumed for links from MBSA to BMAA and outdoor UE in scenario A, the links between IAP and indoor UE for scenario B. The noise power is computed by the
which is the model adopted for LTE link budget estimation in [40] . In (42) , k represents the Boltzmann constant, T is temperature of the surrounding environment in Kelvin, which is set to be 290 K, i.e. 17 • C, B is the system bandwidth in Hz, D is the noise figure. The value of D depends on the types of receiving equipment, which is 2 dB for the MBSA, BMAA, and IAP, 7 dB for indoor and outdoor UE.
2) Operation complexity and power consumption parameters:
The referenced process complexity and power consumption of the components are listed in Table IV and V, respectively.
We refer to [41] for the operation complexity of processes including filtering, sampling, symbol mapping and de-mapping, encoding and decoding, network and control. For channel encoding and decoding, we assume the code rate is 1.
The power consumption parameters of the analog components of MBSA and BMAA is based on the typical valued proposed in [42] for LTE base stations and the modification for massive MIMO system [41] . For a mmWave IAP, the typical parameters proposed in [43] are adopted in this paper. Besides, the transmitted power of the UE for sending the uplink pilot symbols is assumed as 20 dBm in this work.
B. Capacity analysis
The comparison between the conventional non-separated (referred to as the one-link) network architecture and the separated ones (referred to as the two-link) in terms of the capacity is shown in Fig. 2 . The comparison clearly indicates excellent agreement between the theoretical derivation and simulation results, providing confidence in the theoretical derivation. As the capacity is the basis for further investigations such as the EE and SE analysis, this provides confidence in the rest results. If we further compare the one-link solution with the two-link results, it is clear that the indoor-outdoor separated solution can provide a higher achievable capacity than the conventional direct transmission as there is no penetration loss. The improvement in system performance is more obvious when the indoor communication adopts mmWave and beamforming technology, which reduces the interference. As we considered the interference in this work, the capacity will hit a limit when the SNR value is high due to the interference dominating the system performance.
The speed that the system approaches this limit is an important benchmark to the evaluate.
Here, we used the cumulative distribution function (CDF) of the capacity to study this criterion. The CDF of the capacity for the three cases is shown in Fig. 3 . From the CDF, observe that the two-link with mmWave solution has a much larger upper bound compared with the other two systems, which indicates this system may provide a much better performance in terms of the system throughput.
From this comparison, we can conclude that for the 5G and B5G wireless networks, both the network architecture and the access technologies should be considered in order to achieve a global optimization on the system performance with interference management a key issue to ensure improved system performance.
C. SE, EE, and ECE results Analysis
From the simulation results shown in Fig. 4 , we conclude that the separate indoor and outdoor scenario can provide a higher SE than direct transmission with the same SNR. When mmWave technology is utilized, the SE can be further improved due to the resulting lower interference.
Similar conclusions can be drawn from the SE CDF comparison in Fig. 5 . The EE of these three cases is compared in Fig. 6 . In general, the two-link solution especially with the mmWave technology is advantageous in terms of EE. However, it is interesting to note that the separated indoor and outdoor solution is not always preferable. In the low SNR range, the one-link solution offers the best performance. This is because for the EE, its consumed power includes both the standby power and the transmit power. For the two-link solution, due to more components, its standby power consumption is much higher. Thus in the low SNR range, the one link solution can offer better performance. But in the high SNR range, the system benefits from much lower interference. The increased speed of system capacity for the two-link solution is much faster than the one-link system, which can overcome the higher consumption. We can observe the similar conclusion can be obtained from the comparison for the EE CDF in Fig. 7 .
The SE versus EE trade-off curve of the three scenarios are shown in Fig. 8 . The trends of EE first ascend as SE increases and then remain steady at a certain SE value. Unfortunately, as was shown in [11] , it is not always possible to improve both the EE and the SE at the time.
The SE for the conventional one-link architecture is outnumbered by the separated ones after a certain SE value. Therefore, we can say that the separated solution can achieve a better trade-off for SE and EE. When applied to mmWave technology, this trade-off is further improved.
In Fig. 9 , we compared the total power consumption for different system sittings under different data rate. It can be observed that for both the one-link and two-link scenario, when we use more TX antennas in the MBSA, the system will consume more power, so in the low data rate range, the simpler system will have a better performance in terms of energy consumption. However, in the high data rate range, the advantage of more antennas can be observed. A similar observation can be obtained for the two-link mmWave system. Compared with the one-link system with the same TX antennas, the two-link mmWave system has a worse performance in the low data rate range compared with the one-link solution due to the overheads consumed by the extra components. But in the high data range, the increase in data speed can covercome that extra cost. Based on this observation, we suggest that for the future wireless network, the low data transmission such as the control plane data, conventional one link can be used as the most efficient method, while for the high data rate transmission such as the user plane data, the twolink solution is a better candidate. This viewpoint is described as option 3 and 3a in the 5G non-standalone (NSA) mode.
The trade-off between ECE and SE for the separated and non-separated case is shown in Fig.   10 . We observe that the separated mmWave solution with the largest number of antenna offers the best trade-off in terms of SE and ECE, which indicate that the proposed separated indoor and outdoor solution could potentially be an attractive candidate for the network service providers by offering a balanced trade-off between the system performance and the cost for future wireless communication networks.
V. CONCLUSIONS
This paper has investigated the SE, EE, ECE, and their trade-off for a 5G cellular system with separated outdoor and indoor network deployments. For the outdoor scenario, the MBS is assisted by massive MIMO and DAS technologies to serve outdoor UEs, and provides access data links for BMAA added IAPs. In particular, the beamforming technology is applied over the link between the MBSA and the BMAA. and economic efficiency of 5G multi-cell massive MIMO systems with generalized spatial modulation," IEEE Trans. Veh.
